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OVERLOAD CURRERT PROTECTION OF MERCURY-ARC RECTIFIERS

Engr M. M. Feyerrark
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[K Digest]

The basic requirements for the protection nf mercury-arc rectifiers from
excegy currents are rapid action, selectivity, and maximum sensitivity. High-
spaeed protection is necessery in view of the sharp loss in vacvum due to tha
time lag which occurs vher the arc-backe in the rectifier are cut off.

A positive solution of the problem of high-speed protection simultanecusly
satisfies the requiremsnt of selectivity, when damage occurs in the high-voltage
aiternatisg current circuits. Consaquently, +the nature of the protective action
sgainst this typs of damage will not be discussed here. The requiremsnt of maxi-
mm sensitivity is stipulated by the fact that relatively weak currente may arise
in the primery winding of the transformer when the arc-backs originate.

In view of frequent occurences of src-backs, protection for this form of
abnormal condition mst be very reliable to prevent deterioration of the iater-
nal conditicn of the rectifier. Buch deterioration may result from delayed
protective action or strong actuating current in overlosd relays.

Existing Methods for Achieving Protection

As protection against excess currents, caused either by treckdgwns in the
transformer or by arc-backs, two-phase overlosd protection has generally been
used, operating with tine dnlw or instantaneously (cut-off). For manual con-
trol with circuit breakers, direct-acting overloed relays built into the Greak- -
or driye mechanisa were frequently used.
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The sctuating current of the cut-off relay must be greater than the mag-
netizing cwerent kick which may arise when the transfcrmer 1s gwitched or. In
‘ practice this currert has fowr to ten times the value of the nominal current.
Therefore, & protective scheme in which the sctusting current is large encugh
to permit switchling on the traneformer, with specified values for the magnet-
izing current Xicks, 13 inadequate from the standpoint of protection require-
mepts egaizst arc-osckz in the rectifler, where the value of the breakdown cur-
rent Jx the priwmsey winding of the traveformer may, in the inftlal stages, be
lower than the spf—c!f"ed velues for the ragnatizing current lu- some cases.

I_*hm:m'"*e, good regults cuunot he obtained from @ time-delay protec-
tive device whicn ~en operate st lower actuating currents {due to the rapid
decrease in the mygmetizing current kick) since instantensous mction of the
protective devics 13 the basic rsgulrement for counteracting arc-becks.

The protection given bty the two relays in two-phase protective achemes
may be insdequpbe due 0 vabalance in the breskdown phase currents. There-
fore, tires-phase protection skould be used in such cmsés. Thia dces not re-
guire three-currsnt transformers; sll that is needed 1s the inclusion of a
third velay operated by the sum of the currents of two pheses. The effect ie
the gam2 as thet of includinug thrae relsys op@.xuted. by the phese current of
three current transformers.

Protective Devices (‘Dcr&tlng oo 2rect Current

The circuit disgram heliow alows a proposed tchene for fvemoad current
protection which is largely free of the defects uentioned above. t’rotective
time deley is uszd nnly when the transformer is switched on. Wevzally, the
protective device operates without time delay, vhizh mekes it poszlblc to se-
lact the actusting curzent of tbe overload relays corresponding to the mini-
mum value of the breakdown current during arc-backs at the anodes.

Direct Cuvrent Scheme of Protection for Mercury-Arc Rectifiers

Circults for Current Transfoxmsrs
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For Lype BNV 300 00 € (ue g Dectiliors ) giad-povboleavi devices unlmﬁ L.h;y—
ratrons are supplied by the piant. 5o fer o8 s xucwn tc the author, ut prea-
ent, there is no operationsl verificstica cn *the vse of this device But 1f it
siover raliable i practics, sra grid protection xgtisfied the given rzyuive-
ment3d, the role of overload protection iac the wense of wrotection from wre-

. backs will become legx importent, since praper grid prolection, sccording to the
"Rules for the Operation of Industrisl Instalistions," must function in ot least
T5 percent of the cases of arc-backs. In adiliion, there are grounds for an-
ticipating, when ghid protaction i3 used, that {lLe instaiiwtion will not be
awitched off mw a resudy of overlosd probechlon hbecauss of the grest rensitivity
of the thsrations and the geept sprod «Aih which wegstive poteriisl 15 applied
to the rectifier gridz.

Protective Devices (persting oa Alterating Jurrent

When tliere ave no independent sources of operatisg current, the proposed
protection scheme can be opergted on alisrnating currest.

In this case, the basic protection of the trausformer agsinst interphase
ghort circuite in the windings and at the outlet ieads i3 effected dy mmens of
direct-sction relxye which cut out the transformer without time lag. The ac-
tuating cuwrrent of thege reluys is seiectzd gccording to the mavimum value of
the transformsr current magnetization kick which is determined esperimentelly.

For protection from &rc-backs, & zepurate relay system 16 provided which,
vhen orerated on direct currert, seves &3 protection ageinst all types o dbreak-
downs.

The operating circuite for &rc-back protection sre fel from the s:termating
current supply liner through selenium rectif'iers connected in & Cratg fullwave
circuit. The output voltage of & Type Vi-6 zelenium rectifier, when supplied
with 220-volt alternating cwrent, 1s 160 volts with & load of 2 ampere3s, This
operating voltege is quile permiaseivis for rapid closing of the intermediute
relay and the cut-off sclenoid, which have coils with & pominal voltage of 110
volta. The blocking relay with & nomipsl ceil voltage of 220 volts also oper-

eted seadably. its core teing pudled in dewn ho 7O volits,
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Connecting salznium rectifizrs directly to the 220.volt phase voltage of
the alternate current netverk 1s urdssiratlie as there would then be a perma-
nent ground on the operatiug cir.t, Aa lotermediste transformer should there-
fore be proviiled, exclzding mstalliz sortazt belweesn alternate curreunt snd
operating circuitz. A slngle restifyieg cirz:it of suitebls power can he nszed
to feed the operating circults of ssvsral umits, .

Although the busbar vcltags 2f a €-10 kilowolt gubstetion may fall dur-
ing arc.-backs ie a mercary rectifier, 1t is practically impossitie fer the
alterpate cucrrent operatel protestion to tall, egince a vollzge margin was pro-
vided for iu the ¢i Ity as de aribed ahove, Therefers, the pretection is
adequate In such sages!

The holding csil of the Y4% &
selenium ravtifiers, Wwhile the oIt
eyeipment can he fed from the re:
tifier,

Opering <f ihe eutomatis devi:: 0 t2 short ciromits in the eifternats
current network, as:ompanied *y . itage pi, Ara very rerve when the
holddiang cail is b > tris dees not offent the
relistility of s» jpl"i ng elashr G the st cvrrent cohswner,

Oopcloawdong

95 2 rule, be oper-
A Tr aed when storags bat -
tr**c: frstalled Tor o pury 1 ih the mercury arc ventifiers,

are aVullable.

2, Whether sliernate ~arr:int or i.i warre st 1s used, maximum sengdi-
tivity to ar:c-bacis ia the rectifier is Gt "his involwves the uze of
three.phas: cverload protectics with ',; e i ork to ellcw for the mag.
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